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Abstract  
Most regions of Saudi Arabia are frequently subjected to high temperature and drought spells which 
destroy natural vegetation and lead to soil erosion and the advance of sand dunes.  The use of legume 
plants may help to preserve these ecosystems and to slow down desertification processes. Legumes 
produce extensive, deep root systems with a capacity to develop mycorrhizal and rhizobial symbioses 
facilitating the plant’s nutrition via enhanced soil nutrients absorption and atmospheric nitrogen fixation, 
respectively. These associations play a vital role in preserving and even restoring the fertility of poor and 
eroded soils. Research on tripartite associations of Arbuscular mycorrhizal fungi (AMF), rhizobia and 
legumes is rare in Saudi Arabia. Little is known about the diversity of these beneficial symbioses in 
Saudi ecosystems and their beneficial role for the sustainable management of range land. We attempted 
to explore the present status of research on rhizobia and AMF associated with various legumes in Saudi 
Arabia. The use of legume plants associated with microbial symbionts may be a useful asset in 
preserving fragile ecosystems and combating desertification. The identification of adapted and efficient 
legume-rhizobia-fungi tripartite associations in local ecosystems is of paramount importance for 
successful ecosystem restoration, rangeland and forest management and agricultural sustainability 
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The growing human population is in urgent need for high quality, safe and affordable agricultural 
products [1]. Among agricultural products, legumes have always held great importance in the global 
economy and nutritional needs of populations. In fact, legume crops occupy around 12 to 15% of the 
earth’s arable surface; represent 27% of the world’s primary crop production and 35% of all processed 
vegetable oils [2]. Legumes cover about 25-35 % of the global protein needs, besides their various 
applications in gum, dyes, ink preparation, textile and paper industries [3], and several uses in medicine 
[4]. Legumes play an important ecological role, as natural fertilizer sources. They provide high quality 
forage and contribute to soil stabilization and erosion prevention [5, 6, 7].  Since the green revolution, 
heavy reliance on chemical fertilizers to increase crop productivity under soil and land area limitations 
has created imbalances in the soil prokaryotic populations, eliminating much of the beneficial microbes 
important for soil ecosystem equilibrium. Thus, much attention has recently been turned to the 
optimization of the symbiotic relationships between plant and soil micro-organisms (rhizobacterial 
population and mycorrhizal fungi) as alternatives to chemical fertilizers, pesticides, and supplements. 
Many rhizobial strains isolated in various parts of the world were demonstrated to exhibit remarkable 
potential in increasing plant growth by providing economically viable and environmentally safe 
exploitation of atmospheric Nitrogen [8]. 
Legume plant inoculation by appropriated and well adapted rhizobial strains are widely reported to 
enhance fresh and dry matter production and to add more nitrogen to soil. However, in Arid regions, 
wild legume productivity and soil fertility are strongly limited by drought, salinity and nutritional 
deficiencies. More knowledge about the symbiotic behavior of leguminous plants in arid regions is thus 
necessary in order to validate these observations under these constraints.  
Vulnerability of ecosystems in Saudi Arabia  
Saudi Arabia is one of the driest countries in the world [9, 10]. Laying astride the Tropic of Cancer, its 
climate is dominated by sub-tropical anticyclones throughout the year. Rainfall amounts are low 
averaging 100-200 mm/year in the northern areas and falling below 100mm/year for most of the central 
and southern areas. Apart from the low rainfall amounts, rainfall distribution is often unfavorable, 
coming in sudden and erratic showers with large year to year variability.  
Plant cover in Saudi Arabia is limited and sparse, made essentially of annual species except in the 
southwestern and western regions where trees and shrubs represent about two thirds of the flora [11, 12]. 
Most parts of country are frequently subjected to high temperatures and drought which destroy natural 
vegetation and lead to soil erosion and sand dune progression. Furthermore, water resources are limited 
and water available for irrigation is often of low quality. Irrigation with such water, under poor drainage 
conditions, can lead to excessive soil salinity [13]. 
This already precarious situation is aggravated by overgrazing, uncontrolled wild plant harvest, wood 
gathering and rapid urbanization [14]. As a result, many ecosystems have reached a degradation 
threshold beyond repair requiring active human intervention to be restored to a more equilibrated state 
[15]. In order to reverse the tide of desertification and to prevent the extinction of more endemic species, 
more efforts are necessary to help disrupted ecosystems recover their initial state; degraded areas should 
be replanted with endangered species especially the most drought tolerant ones. The use of legume 
plants associated with microbial symbionts is an attractive alternative to preserve theses ecosystems and 
slow the pace of desertification. 
  
 
Ivy Union Publishing | http: //www.ivyunion.org            ISSN 2572-5815             January 29, 2017 | Volume 5 | Issue 1 




The leguminosae: their diversity, distribution and utilisation in 
Saudia Arabia 
The Kingdom of Saudi Arabia extends across large areas of land comprising several geographical 
regions which differ topographically, climatically and environmentally in general. This explains the 
high plant diversity in Saudi Arabia, especially in the southwestern region, which accounts for all 
natural forests. According to recent estimates, the country contains about 2253 plant species, 
belonging to 132 families, of which about 20 % are rare plants. Among the families, 37 are represented 
by a single species.  Fabaceae, with 217 species is the third-largest land plant family in terms of 
number of species, behind only the Poaceae (269 spp) and Asteraceae (246 spp) [16].  
The Fabaceae includes both herbaceous and woody plants distributed throughout the country, 
especially in the northwestern and southwestern regions. Legumes have a long history of use in 
agriculture and they play an important economic and ecological role, as natural fertilizer source and 
protein-rich food for humans and livestock alike [17]. Leguminous species are also used as high 
quality forage for livestock both in cultivated pastures in natural rangeland. Alfalfa (Medicago sativa) 
is an important forage crop legume; it’s well adapted and native to different areas of Saudi Arabia [18]. 
This forage crop occupies more than 30% of the completely cultivated area. 
Many legumes (e.g. Acacia, Indigofera) have great value for reclamation of salt-affected areas, 
degraded rangeland, and moving dunes sand and soil erosion control and to use as a low windbreak. 
 Acacias, are generally, the most dominant woody species in Saudi Arabia and elsewhere in the 
Arabian Peninsula [19]. Among tree genera, Acacia contains the highest number of species (13 
species) [20]. Some of these species are endemic to Saudi Arabia and are well adapted to arid climates 
giving them a high ecological value. These multipurpose trees are useful for the restoration of 
degraded ecosystems generally low in soil nitrogen and phosphorus because of their ability to form 
symbiotic associations with both rhizobial bacteria and mycorrhizal fungi [21]. Introduced woody 
legume species, such as Acacia karroo, A. saligna, and A. ampliceps, Prosospis juliflora have adapted 
successfully to region’s environmental conditions, due to the fact that they are fast-growing plants that 
thrive in areas with alkaline or saline soils [22] and as little rainfall as 250 mm per year. The annual 
herb legumes group consisted of a large number of species that belong to the genera Astragalus, 
Crotalaria, Lupinus, Melilotus, Trigonella and Vicia. 
Rhizobia- mycorrhizal fungi -legume symbiosis in Saudi Arabia 
The symbiotic rhizobial and mycorrhizal associations play a major role including mobilization of N 
and P from organic polymers, release of nutrients from mineral particles or rock surfaces via 
weathering, effects on carbon cycling, interactions with myco-heterotrophic plants, mediation of plant 
responses to stress factors such as drought, salinity and plant pathogens. In Saudi Arabia, the 
rhizobia-legume symbioses have been examined especially under severe environmental conditions 
such as drought stress, salt stress and heavy metals but none gave enough details on the many 
associations of spontaneous legumes with rhizobia to allow applications on the ground. Rhizobia 
associated with woody legume trees were isolated and phenotypically characterized [23, 24, 25]. The 
strains showing high resistance to extreme temperature, pH and salinity were isolated. Shetta and 
Alshahrani [26] showed that some acacia rhizobial isolates can be utilized to enhance productivity in 
afforestation programs in the central region of Saudi Arabia. Others studies focused on rhizobia 
isolated from cultivated legumes [18, 27] . Khalifa and Almalki [28] isolated a Bacillus strain from 
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root-nodules of Medicago sativa. The results indicate that this bacterial strain belongs to the plant 
growth promoting rhizobacteria group (PGPB) and can have significant agricultural applications to 
increase plant productivity and reduce the use of synthetic fertilizers and pesticides.  
Mycorrhizal symbioses have been also studied. Results showed that AM fungi have a potential in 
phytoremediation of heavy metals [29, 30].  Arbuscular mycorrhizal inoculations have also a role in 
relieving salt stress of plants by reducing Na uptake, as well as increasing plant P and N content [31, 
32, 33, 34]. Until now, genetic diversity of both rhizobia and AM fungi associated with wild legumes 
originating from Saudi Arabia has been poorly documented.  Few studies dealt with the taxonomy of 
root-nodules bacteria in Saudi Arabia [18]. There are no studies on the molecular diversity of AM 
fungi in this country. There are also other legumes that are not yet studied specially their symbiotic 
relationship with soil microbes. The tripartite symbiotic associations leguminous plants- nitrogen 
fixing bacteria-mycorrhizal fungi have not been studied yet. The use of legume plants associated with 
microbial symbionts to preserve fragile ecosystems and combat desertification requires first the 
identification and characterization of rhizobia and AM fungi associated with these legumes and also 
the assessment of the symbiotic efficiency of rhizobial isolates and AM fungi. Such studies will help 
explain the beneficial effects of mycorrhization and the nitrogen symbiotic fixation in increasing 
nutrient-absorptive area of their host plant root systems. These studies will also pave the ways for 
more applied and fundamental research on nodulation and nitrogen fixation in forage, prairie, and 
pasture legumes.  
Importance of tripartite associations of Arbuscular mycorrhizal 
fungi, rhizobia and legumes  
In soils’ rhizosphere, a high diversity of organisms which can interact with plant roots either 
constraining plant growth as may be the case with pathogens and root herbivores or promoting it as in 
the case of mycorrhizas and rhizobia. The diversity and the abundance of symbiotic microflora plays a 
fundamental role in the restoration and maintenance of soil fertility and in the mineral nutrition of 
plants. These microsymbionts (rhizobia and mycorrhizal fungi) are involved, respectively, in nitrogen 
fixation [35] and in phosphorus and water uptake [36]. In this context, leguminous plants, because of 
their capacity to associate with both rhizobia and AM fungi, are used for the revegetation and the 
preservation of degraded soils. These root symbioses improve the survival and growth of plants by 
facilitating their water and mineral nutrition. The symbiosis between legumes and Rhizobia and 
arbuscular mycorrhizal fungi (AMF) is one of the most important ecological mutualisms. This 
tripartite symbiosis is of great significance both for agriculture and for ecology. The dual symbiosis 
with AMF and rhizobia is crucial for legume growth within plant communities [37]. The tripartite 
symbiosis among leguminous plants, rhizobia and AM fungi has been the subject of intensive research 
in recent years. Experiments under controlled conditions have shown that dual inoculation with 
rhizobia and AMF are more productive than inoculation with only one of them [38, 39]. In addition to 
increasing the uptake of nutrients, particularly phosphorus and nitrogen, the rhizobia-AMF symbiosis 
enhances plant tolerance to environmental stresses. In extreme ecosystemic conditions, rhizobia and 
AM fungi have been shown to enhance growth root and to help plants use more efficiently soil 
nutrients and to improve their tolerance of ambient limiting factors such as drought, salinity and 
nutrient deficiencies [40]. It is assumed that AM fungi are able to increase nodulation and N fixation 
by supplying high levels of P to the nodules [41]. Tahira et al. [42] suggested that inoculations 
simultaneous increase the degree of symbionts competition and this may in turn, modify host benefits 
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from the relationship. Recently, several studies [43, 44] showed that treatment with rhizobia and AM 
fungi significantly improves root morphology, facilitate plant diversity and plant growth by supplying 
different limiting nutrients. This tripartite symbiosis is a key for understanding legumes success in 
natural ecosystems with poor nutrient availability such as pioneering succession [45]. Others studies 
have show that AMF are also associated with root nodules [46] and that common host (legumes) genes 
are involved in both the Rhizobial and Mycorrhizal interactions. Antunes et al. [47] reported that the 
presence of both symbionts changed the accumulation of flavonoids in soybean roots. 
Most regions of Saudi Arabia are suffering accelerated desertification due to increasing grazing 
intensity, wood gethering, urban development and recurring droughts [10, 12, 15]. Because of their 
capacity to establish dual symbioses with rhizobia and AM fungi, legume plants can be used as an 
alternative to counter plant cover degradation and to slow down desertification of fragile ecosystems. 
Rhizobia and AM fungi are proven to increase tree tolerance to drought and to improve the adds of 
survival of young seedlings up on transplantation from nurseries to the field. Unfortunately, we still 
know very little about the diversity of local microflora. Therefore, there has to be more concerted 
efforts for the scientific community to discover these legume-microbe associations which will be of 
great value for restoration efforts and agricultural sustainability. Particularly the behavior of tripartite 
symbioses between legumes, rhizobia and AMF should be a research priority for the country because 
of their great potential in mitigating further destabilizing the already fragile ecosystems. 
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